We report the results of a 1.2 mm continuum emission survey toward 131 star forming complexes suspected of undergoing massive star formation. These regions have previously been identified as harbouring a methanol maser and/or a radio continuum source (UC HII region), whose presence is in most instances indicative of massive star formation. The 1.2 mm emission was mapped using the SIMBA instrument on the 15 m Swedish ESO Submillimetre Telescope (SEST). Emission is detected toward all of the methanol maser and UC HII regions targeted, as well as towards 20 others lying within the fields mapped, implying that these objects are associated with cold, deeply embedded objects. Interestingly, there are also 20 methanol maser sites and 9 UC HII regions within the fields mapped which are devoid of millimetre continuum emission.
INTRODUCTION
The formation of massive stars is not a well understood process neither observationally nor physically. This may be attributed to the fact that they form deeply embedded in the cores of molecular clouds, where they are optically obscured by circumstellar dust. Additionally, massive stars form on relatively short timescales, they tend to form only in clustered mode, and occur at distances greater than the nearest examples of their low mass counterparts. Consequently, the combination of these factors hinders the study of regions undergoing massive star formation, specifically the earliest processes involved in their evolution, of which there are few clear examples.
Theoretical models suggest that high mass star formation could proceed either through protostellar mergers (Bonnell et al. 2004) or through the collapse of a supersonically turbulent core (McKee & Tan 2003) . The first scenario requires dense clusters (10 8 stars pc −3 ), that will trigger coalescence, whilst the second requires high accretion rates (> 10 −3 M⊙ yr −1 ) that will overcome the outward radiative pressure.
To date our knowledge of the earliest stages of highmass star formation has been limited, although recent work, as discussed in the following paragraphs, has brought new insights (c.f. Williams et al. 2004; Beuther et al. 2002; Szymczak & Kus 2000) .
Massive stars form in dense molecular clouds, and are characterised by their high luminosity (> 10 4 L⊙ ), density (> 10 4 cm −3 ), and strong infrared dust emission (c.f. Williams et al. 2004; Garay et al. 2003 Garay et al. , 2004 Beuther et al. 2002) . Little is known of the very earliest stages in the formation of massive stars, especially the conditions inside the early protostellar core and the putative prestellar cores. These objects are expected to be massive and cold (∼ 20 K) (c.f. McKee & Tan 2003) .
Methanol masers have proven particularly useful as tracers of massive star formation (e.g. Batrla et al. 1987; Caswell et al. 1995; Pestalozzi et al. 2005) . Methanol masers, are occasionally associated with strong radio continuum emission (i.e. HII regions), IRAS far-infrared colour selected sources (e.g Wood & Churchwell (1989a) used log (F60/F12) 1.30 & log (F25/F12) 0.57), and H2O and OH masers (Caswell et al. 1995) .
Mid infrared emission from the Midcourse Space Experiment (MSX) satellite has also been used, in a similar way as IRAS, in colour selecting massive young stellar objects (MYSO). Lumsden et al. (2002) found that the MSX colours of the youngest sources, still heavily embedded in the natal molecular clouds, are different from evolved stars which are shrouded in their own dust shells. They have developed colour-selection criteria based on MSX colours, (F21/F8 > 2) designed to deliver a list of MYSO candidates.
The coincidence of methanol masers and/or ultra compact HII regions (UC HII) with massive star formation suggests that the two (tracers and massive stars) are inextricably linked. Consequently, maser and radio continuum emission can be used as a means of tracing regions of massive star formation (MSF). High angular resolution (∼ 0.01 ′′ -1 ′′ ) observations (Caswell 1996; Phillips et al. 1998; Walsh et al. 1998; Minier et al. 2001 ) have shown that methanol masers are generally not directly associated with the UC HII regions, but rather tend to be separated from them and possibly associated with hot molecular cores (HMCs). Walsh et al. (1998) have reported observations where ∼ 25% of UC HII regions targeted were associated with methanol masers. In this instance, the size of the UC HII region is generally smaller when there are masers present, suggesting such regions are possibly younger. This discovery, together with the fact that ∼ 75% of the masers were not associated with UC HII regions, led Walsh and his colleagues to propose an evolutionary sequence for massive star formation. They proposed that the methanol masers exist prior to the onset and development of the UC HII region, the maser emission is then destroyed by an ionising region surrounding the stars, and the UC HII region evolves following the destruction of the maser.
More recently, Walsh et al. (2003) have shown that methanol masers are associated with sub-millimetre continuum emission, and hence trace cold, deeply embedded objects.
An alternative hypothesis to explain the low correlation between UC HII regions and methanol masers is proposed by Phillips et al. (1998) . They suggest instead, that maser emission can arise from intermediate mass nonionising stars, which yield sufficient IR photons to pump the masing transition, but insufficient UV photons to produce an UC HII region.
In this paper, we present the results of a 1.2 millimetre continuum survey of massive star formation regions exhibiting signs of methanol maser and/or radio continuum emission. We will show that these tracers of massive star formation are in most instances associated with millimetre emission, and hence cold, deeply embedded sources. We will also present evidence of cores to which the only indicator to their existence is the millimetre continuum emission detected with the SEST. These millimetre sources (hereafter 'mm-only cores') are devoid of methanol maser and UC HII emission. Other millimetre surveys have been undertaken by Beuther et al. (2002) ; Faúndez et al. (2004) ; Williams et al. (2004) , and we draw attention to sources from these studies which overlap our own source list in Table 5 .
The main purpose of this paper is to present the results from our study of known regions of massive star formation. In subsequent papers, we will present spectral energy distribution (SED) diagrams, which we aim to use to test current theories in the evolution of massive stars (e.g. Phillips et al. 1998; Walsh et al. 1998; Minier et al. 2005) .
In section 2, we describe the observations and the data reduction procedure. The results of the SEST/SIMBA survey are discussed in §3, derived physical quantities in §4, and data including the sample images are presented in §5.
In §6 we present the analysis of the data, and conclusions are given in §7. The full set of images (including the ones presented in §5 as sample images) are presented in the Appendix.
OBSERVATIONS AND DATA REDUCTION

The sample
The sources chosen for this millimetre study were selected from previous studies of massive star formation re-gions, in particular the work of Walsh et al., as well as Thompson et al., and Minier et al., as discussed below.
The criteria for selecting the source list included:
(i) sources with masers and without radio continuum emission,
(ii) sources with masers and with radio continuum emission, (iii) radio continuum sources without methanol masers. Walsh et al. (1997) undertook a study of UC HII region candidates in search of the 6.7 GHz emission line characteristic of methanol masers. The specific UC HII regions targeted in this survey were chosen based on their far-IR IRAS colours according to the Wood & Churchwell (1989a) selection criteria for identifying UC HII regions. Thompson et al. (2004) undertook a sub-millimetre study of IRAS point sources with associated UC HII regions, which had previously been identified by Wood & Churchwell (1989a) and Kurtz et al. (1994) . Minier et al. (2001) observed methanol masers at very high angular resolution (10 mas), which were devoid of radio continuum emission, and were believed to be associated with high mass protostars.
The objective of our survey towards known methanol maser sites and UC HII regions was to ascertain whether these objects are associated with millimetre continuum emission, and thus, deeply embedded objects.
Millimetre Observations
The observations were undertaken on the Swedish ESO Sub-millimetre Telescope (SEST), using the SEST IMaging Bolometer Array (SIMBA) during three separate observing periods between October 2001 and October 2002. SIMBA 1 is a 37-channel hexagonal bolometer array, operating at a central frequency of 250 GHz (1.2 mm), with a main beam efficiency of about 0.50 and a bandwidth of 50 GHz. SIMBA has a HPBW of 24 ′′ for a single element, and the separation between elements on the sky is 44
′′ . Observations were taken using a fixed secondary mirror in a fast mapping observing mode, with a typical scan speed of 80 ′′ s −1 . The resultant pixel size of the maps, after processing is 8
′′ .
The initial observations were conducted during the second commissioning period of the SIMBA instrument in October 2001. 19 regions were mapped during this period. Skydips were performed every three hours in order to correct for the atmospheric opacity. Opacities stabilised around 0.35 for the first half of the night, increasing to 1.00 toward the end of the night. Maps of Jupiter were taken for calibration purposes. Typical map integration times were 15 minutes per map, mapping regions of 600 ′′ × 384 ′′ . The average residual noise in the maps for this period is ∼ 150 mJy 2 . Noise residuals in the maps may be attributed to variable sky opacities during the latter part of the observations.
The majority of the data collection took place during seven second-half nights in June 2002 (23rd-29th inclusive) . During this period, observations typically spanned 8 hours Table 1 . No observations were taken on night three or seven due to bad weather. Maps of Uranus were taken for flux calibration purposes. Due to a lack of suitable calibration data for the first night, the Uranus map from night four was adopted for calibration purposes, a process justified by the similar opacities for the two periods. Typical map integration times for this period were 15 minutes per source, mapping regions of 240 ′′ × 480 ′′ . The residual noise in the maps for this period averages around 50 mJy.
The final set of observations were taken during four nights in October 2002 (21st-24th inclusive), over a period of ∼ 5 hours each night, mapping 38 regions in total. The sky opacity was measured regularly by taking skydips after every second observation (∼ 30 minutes). Sky opacities for this period fluctuated on a nightly basis, with typical values for each night listed in Table 1 . Maps of Uranus were taken each night (with the exception of the first night, where Eta Car was observed) for flux calibration purposes. Due to the unsuitability of Eta Car as a flux calibrator, Uranus data from night four were used to calibrate the data from the first night (based on similar opacities for the two nights). Typical map integration times for this period were 15 minutes per source, mapping regions of 480 ′′ × 480 ′′ . The residual noise in the maps for this period averages around 60 mJy.
Specific calibration factors, as well as typical opacities for each night of observation are listed in Table 1 .
Data Analysis
The data were reduced and analysed using the MOPSI reduction package 3 and the procedure described in the SEST manual. In summary, the data are subject to gain elevation correction, opacity correction, baseline fitting and subtraction, despiking, deconvolution, and sky noise reduction, prior to map creation and calibration, as described in the manual.
The flux density values were obtained using the MOPSI photometry procedure described in the SEST manual. In brief, this procedure involves distinguishing the source from the background and subtracting the latter from the former, using Gaussian fitting. This technique uses polynomials to fit and subtract the baselines, and polygons to define the apertures. The MOPSI Integrate procedure, which employs the multiplication factor listed in Table 1 , was used to determine the flux density of the source.
The flux density of each source was also estimated using the KARMA/KVIEW package 4 by defining a box aperture around the source and at various points in the image considered to be the background. The flux inside of each of the apertures was then measured and the background flux was subtracted. Contour levels of 5% of the peak flux were overlaid on the sources in order to maintain source size consistency when using the box aperture.
A comparison of the flux determination via the two methods (i.e. MOPSI and KARMA) shows that there is 10% difference between the two results, which arises as a consequence of the aperture definitions. Due to the greater flexibility in using the aperture applied in the MOPSI photometry procedure (i.e. polygon, which allows more accurate source definition) the fluxes determined from the MOPSI reduction procedure have been adopted as the 1.2mm flux for each of the sources, and are presented in this paper in Table  5 (see also §5.2.1 for further explanation).
The free-free emission contributing to the millimetre fluxes reported in Table 5 is expected to be negligible compared to the dust emission which dominates at 1.2 mm (Fν ∝ ν −0.1 ). Assuming optically thin free-free emission for frequencies 8 GHz, a typical UC HII region measured by Walsh et al. (1998) at 8 GHz to have a peak flux of 120 mJy equates to a peak flux of 85 mJy at 250 GHz, i.e. 4% of the 1.2 mm flux measured at the same position. Assuming that the 8 GHz flux measured by Walsh et al. is optically thick from a hyper compact HII region, with the turnover frequency at 22 GHz, the 120 mJy flux measured by Walsh et al. (1998) at 8 GHz equates to 700 mJy at 1.2 mm, which would still only be significant for a small fraction of our sources. In order to be optically thick at 22 GHz, a large emission measure of 2.0 ×10 9 cm −6 pc is required. Stellar winds, with ν 0.6 (Panagia & Felli 1975) are not expected to contribute more than ∼ 20% to the flux density observed at 1.2 mm as derived from comparison of 3 MOPSI (Mapping, On-off, Pointing, Skydip, Imaging) is a software reduction tool which was developed and is maintained by R. Zylka, IRAM, Grenoble, France. MOPSI makes use of the GreG graphics interface of the GILDAS software distribution. See http://www.mpe.mpg.de/ir/ir software.php 4 See http://www.atnf.csiro.au/computing/software/karma the SIMBA fluxes with typical radio fluxes measured by Walsh et al. 1998 .
On at least one occasion during the June and October 2002 observations, calibration data were taken twice in a single night, in order to determine the repeatability of the data. Analysis of these Uranus maps shows less than 3% deviation in the calibration factor for the June data, and less than 1% deviation in the case of the October data. Therefore, the error resulting from measurement of the calibrator is small.
RESULTS
131 known regions of massive star formation were targeted in this 1.2 mm continuum survey. The images of these regions as well as derived source properties, such as flux density and mass are presented in this paper. Of these 131 positions targeted, 69 are positions of known methanol masers, 28 have radio continuum sources, 32 are known to harbour both a methanol maser and an UC HII region, and the remaining two are IRAS positions 5 . These two IRAS positions are hereafter referred to as 'NM-IRAS positions', indicating 'no maser' emission.
Within these 131 regions, millimetre continuum emission is detected toward a total of 404 sources, 78 of which contain methanol masers, 36 have UC HII regions, 35 have both methanol maser and radio continuum emission, and two are the NM-IRAS positions. The remaining 253 sources detected are 'mm-only' cores, to which the only indicator of their existence is the millimetre-wave continuum emission detected in this survey. As discussed below, 45% of these also have no mid-infrared emission detected by the MSX satellite.
The mm-only cores detected by SIMBA are previously unknown and are devoid of the traditional star formation identifiers, such as methanol maser and radio continuum emission. Prior to the detection of the millimetre emission of these new cores, there was no indication (i.e. tracer) that star formation was taking place in these regions. The majority of the mm-only cores are separate from and are generally offset from the targeted tracer in the same field.
The millimetre-emitting cores are considered 'sources' if they are detectable at a 3σ level above the background. Many of the images presented contain multiple sources. In such fields, it is likely that all of the millimetre sources belong to the same star forming complex as the objects targeted in the fields. We have made this assumption when assigning distances (see also §4.3) to the mm-only cores, based on maser velocities as presented in Table 5 .
Millimetre continuum emission is detected toward all 131 of the methanol maser and UC HII regions targeted, confirming their association with cold, deeply embedded objects. The majority of the known methanol maser and radio continuum sources are spatially encompassed within the contours of the millimetre emission, and are often directly 5 Walsh et al. (1997) report these particular IRAS sources (see Table 5 ) as meeting the Wood & Churchwell IRAS colour selection criteria for UC HII regions but having no positive methanol identification. associated with (i.e. not more than 30 ′′ offset from) the peak millimetre position.
In a few cases (8), the methanol maser and/or UC HII region is quite offset from (i.e. > 30 ′′ ) the peak of the millimetre emission, yet their positions still fall within, or at the edge of, the contours of the SIMBA source. The positions of these masers, presented in Table 2 , have all been determined from interferometry and are thus accurate within 1 arcsecond.
Interestingly, the SIMBA maps also show that there are methanol maser sites and UC HII regions devoid of millimetre continuum emission. The 20 methanol masers and 9 UC HII regions where this occurs are listed in Table 3 . The positions of the majority of these tracers (> 90%) have also been determined from interferometry and thus have accuracies to within 1 arcsecond. Consequently, the lack of association is not due to poor positional information. These objects are discussed further in §6.4.
Examination of the SIMBA sources for mid-infrared MSX emission reveals that 72 sources are entirely without mid-IR emission at all wavelengths (8µm, 12µm, 14µm, and 21µm); 41 are mid-IR dark clouds 6 ; and another 11 are potential mid-IR dark clouds, that is, they are sources devoid of emission, but it is unclear whether the lack of emission is due to absorption as is the case with the dark clouds, or simply a lack of emission. These associations are given in Table 5 . Due to an excess of mid-IR emission in the fields examined, it is often not possible to distinguish individual associations due to confusion. Therefore the absence of an MSX association in Table 5 does not indicate a positive mid-IR identification. Consequently, the ∼ 30% of SIMBA sources which we report as having no mid infrared emission is a lower limit to the actual percentage. For these sources, the only indicator that star formation may be occurring is the millimetre continuum data detected in this survey. The SIMBA maps also reveal two types of source located at the edge of the fields. For those sources where the emission extends off the edge of the map, the flux density is not calculated due to ambiguity in source sizes. Often the peak emission can not be reported for these sources, which are denoted by a β in column 6 of Table 5 . Sources denoted by a γ are sources which are situated close to the edge of the map, but far enough away such that we can be reasonably confident in estimating a source size and hence a flux. However due to incomplete mapping, it is possible that the size of these sources, and hence their flux has been underestimated. Therefore the flux reported for sources denoted by a γ is likely a lower limit.
In the case of the two NM-IRAS positions targeted, no millimetre emission was detected at the targeted IRAS position. These sources (G305.533+0.360 and G305.952+0.555), however, have many other millimetre sources in the SIMBA fields. We attribute these two 'non-detections' to the low spatial resolution offered by IRAS in pin-pointing the peak emission of the central core.
A small selection of the images taken with the SIMBA instrument are presented in §5, Figure 1 , and all of the images are presented in the Appendix. Source names are derived from their Galactic coordinates. The coordinates listed in Table 5 , correspond to the position of the peak millimetre emission for each source.
DERIVATION OF PHYSICAL PARAMETERS
Mass
Assuming that the 1.2mm continuum emission detected toward these regions of massive star formation is from optically thin dust, the gas mass can be estimated using the following equation:
where Sν is the 1.2mm continuum integrated flux, d is the distance to the source, κ d is the mass absorption coefficient per unit mass of dust, Bν is the Planck function for a blackbody of temperature T dust , and R d is the dust to gas mass ratio. While values of κ d and R d may vary between sources, we adopt a value of 0.1 m 2 kg −1 for the mass absorption coefficient (κ d ) as per the opacity models of Ossenkopf & Henning (1994 ) (c.f. Minier et al. 2005 . This gives mass estimates four times smaller than those derived using the opacity models of Hildebrand (1983) . We assume a dust to gas ratio (R d ) of 1:100 (i.e. 1%). Bν (T dust ) has been evaluated for a dust temperature of 20 K (see §4.2).
The masses determined from equation 1 are listed in column 10 of Table 5 . A histogram of the distribution of masses is included in Fig. 3 , with a cumulative distribution shown in Fig. 4. 
Temperature
The derivation of the mass of a source depends on temperature as per equation 1. Assuming that these sources are cold cores, as indicated by the presence (or lack-there-of in the instance of the mm-only cores) of methanol maser or radio continuum emission, we have assumed a temperature of 20 K for the purposes of mass derivation, which is consistent with temperatures reported in the literature. Faúndez et al. (2004) found that 1.2 mm cores associated with IRAS sources have typical dust temperatures of 32 K, while Garay et al. (2004) found that 1.2 mm massive dust cores without emission at far infrared wavelengths have temperatures of 17 K. Minier et al. (2005) derive core temperatures < 50 K and as low as 16 K for sources with no mid-IR emission, and Motte et al. (2003) adopt temperatures of 20-30 K for their sample of sub-millimetre cores.
We refrain from categorising the sources based on the presence of their tracer, and thus do not apply different temperatures to those cores suspected of being at different stages of evolution. We aim to constrain the temperature of each of the individual cores in forthcoming papers by compiling spectral energy distributions (SEDs). The aim of this paper is to present the images and the mass estimates for each millimetre core of the SIMBA survey.
In assuming a temperature, there is an additional uncertainty in the final mass estimate derived. We present in Table 4 , the scaling factor for deriving the mass for different temperatures, from the value determined for a temperature of 20 K. For example, if the temperature were 40 K instead of 20 K, then the mass that we report will be 2.3 times larger than the actual value.
Distances
The distance for each of the methanol masers and UC HII regions targeted in this survey is taken from the literature, and listed in column 9 of Table 5 , together with the literature reference 7 . For the mm-only cores, we have assumed that they are at the same distance as the targeted source in the field, as indicated in column 5 of Table 5 . According to Blitz (1993) the mean diameter of a giant molecular cloud (GMC) is 45 pc in diameter. Projecting the SIMBA maps on the sky, gives a spatial size of 0.4 × 0.7 pc and 20 × 40 pc for the distance extremes of 0.3 and 16.7 kpc respectively for a map size of 240 ′′ ×480 ′′ . Therefore all of the cores in a single map are likely to be located within the same GMC and hence we can make the assumption that the mm-only cores lie at the same heliocentric distance as the maser and/or the UC HII region cores within the same fields.
Many of the sources have a near-far distance ambiguity. 195 sources have a clear kinematic distance, whilst for 197, the near-far distance ambiguity exists. The two NM-IRAS positions targeted have no distance estimate. The near and far distances are listed in column 9 of Table 5 , with the near distances preceding the far and separated by a '/'. For 12 sources in total, there is no known distance, which is indicated by the 'Ind' (Indeterminate) in the same column.
For analytical purposes, we have assumed the near distance for the 197 sources with a distance ambiguity (c.f. Williams et al. 2004 ). We do not expect the results and conclusions to be significantly affected by this assumption. As confirmation, we also analyse the sources with no distance ambiguity separately and present the results (c.f. §6.2.1).
G10.62-0.33 is reported by Walsh et al. (1997) to have a kinematic distance of 21.6 kpc, which has likely been overestimated. Due to the uncertainty in this distance estimate, and the close proximity of this source to G10.62-0.38 (c.f. Fig. A1 , map: G10.62-0.33), we have adopted the distance of the latter to the former and its mm-only companion. According to Walsh et al. (2003) G10.62-0.38 has a kinematic distance of 6 kpc.
Source Size and H2 Number Density (nH 2 )
The spatial size (FWHM) of each of the sources listed in Table 5 , was determined using the Graphical Astronomy and Image Analysis Tool (GAIA)
8 . GAIA determines the FWHM (size) of the source in arcseconds, which can then be transformed into parsecs (pc) when the distance is known. Column 8 of Table 5 , lists the FWHM of the sources in arcseconds, and column 4 of Table 6 , lists the radius of each source in parsecs.
The H2 number density (nH 2 ) of each source was derived from its mass and volume estimates, assuming a spherical geometry and a mean mass per particle of µ = 2.29 mH, which accounts for a 10% contribution of Helium (c.f. Faúndez et al. 2004) . Using the parameters determined in Tables 5 and 6 (i.e. mass, radius and nH 2 ), it is possible to determine the column density (NH 2 ) and the surface density (Σ) of the sources in our sample. The visual extinction (Av) of the sources can also be estimated from the column density (NH 2 ), where, Av = NH 2 /0.94 × 10 21 mag (Frerking et al. 1982) . The parameters of NH 2 , Σ and Av for each of the individual sources in the sample, have not been included here, however, average values of Σ and Av are reported in §6.4.
The H2 number density of each source is listed in column 5 of Table 6 . For all sources with a reported distance ambiguity in the literature, the H2 number density (nH 2 ) for both the near and far distances are reported, with the near preceding the far, and separated by a '/'. Histogram plots of the H2 number density are given in Fig. 3 , with cumulative distributions given in Fig. 4. 4.5 G10.10+0.73: an exception G10.10+0.73 has an associated radio continuum source with a methanol maser source offset (∼ 80 ′′ ) from it. Millimetre continuum emission is detected toward the radio continuum source, but not toward the methanol maser.
Interestingly, this maser source is also the only maser source toward which Walsh et al. (2003) did not detect submillimetre continuum emission in their SCUBA survey of methanol masers. Taking the far distance of 16.3 kpc and the 3σ sensitivity limit of 150 mJy yields an upper limit for the mass of any continuum source at 600 M⊙.
However the radio continuum source is associated with a planetary nebula, which would suggest that G10.10+0.73 is located at the near distance (0.3 kpc), rather than the far.
Given the Galactic latitude of G10.10+0.73, if it were located at the far distance of 16.3 kpc, then it would lie ∼ 200 pc above the Galactic plane. The probability of a massive star forming region existing this far above the Galactic plane seems small (Reed 2000) . Taking the near distance for the maser source, however, in accordance with this argument yields a mass of 0.2M⊙ at a 3σ sensitivity limit of 150 mJy at 1.2 mm. With an upper limit of 0.2M⊙, it is unlikely that any star will form let alone develop a maser source. This therefore contradicts the previous argument and suggests that the maser source is more likely located at the far distance.
Due to the uncertainty in assigning a distance to this source, we exclude it from the following analysis.
PRESENTATION OF THE DATA
Sample Images
Each of the sources detected in this survey, has been visually classified according to its morphology. The classification scheme used is as follows:
An 'S' denotes singular sources. A 'D' indicates a single millimetre source at a contour level of 10% of the peak emission of the SIMBA map, within which there is a double core, each with their own peak of emission. An 'A' is assigned to those cores quite clearly differentiated as separate millimetre sources at a contour level of 10%, which are arranged spatially adjacent to each other in the SIMBA maps. Double cores differ from adjacent cores in that the emission is continuous between cores at a contour level of 10% of the peak emission, whilst for adjacent cores, there is no continuous emission between cores, indicating that they are separate cores. 'L' indicates those sources arranged spatially in a linear association, while 'I' represents those sources closely associated, and spatially arranged in an irregular arrangement. A 'U' is assigned to those sources whose morphology is unknown, which is usually given to those sources coincident with the edge of the map.
The sources have been further categorised according to the strength of the clustering of the core. This classification was made according to visual analysis of each of the regions, based on their angular separations. Each source has been assigned either an 'L', an 'M', or a 'T', indicating a low, medium or tight clustering association respectively. A low clustering association has been assigned to sources that appear in the same map, but which are distributed over a wider field than the medium and tight counterparts. Figure 1 presents a small selection of images from this survey, chosen to highlight each of the morphological and clustering classes mentioned above. These assignments are also listed in Table 6 .
Also of interest in these images presented in Fig. 1 , is the indication of the source tracer. The methanol maser is depicted as a 'plus' symbol, while the radio continuum source is indicated by a 'box'.
All of the images from the SIMBA survey, including those in this sample set, can be found in the Appendix. Those sources found near the centre of the frame provided the tracer used to target the position of each field. 
Physical Parameters of the Star Forming Regions
Main Parameters
We present the results of this survey in Table 5 . The table lists all of the sources in right ascension order (RA). Columns 1 and 2 give the coordinates of the source in right ascension and declination, using J2000 epoch. Column 3 lists the source name in G-name nomenclature, derived from the Galactic coordinates of each object. Galactic names to two (or less) decimal places are consistent with those reported by Walsh et al.; Thompson et al.; Minier et al . from which they were targeted. Source names given to three decimal places, denote those sources identified in this survey, with the extended Galactic names intended to distinguish closely associated sources. Column 4 indicates the identifier of the source, where 'm', 'r', & 'mm' represent the presence of a maser, a radio continuum source, or a 'mm-only' source, respectively. The two NM-IRAS sources are identified with 'IRAS' in the same column. Column 5 lists the millimetre map in which the source was identified (for the 'mm-only' sources only). Columns 6 and 7 give the integrated flux (Jy) and the peak flux (Jy beam −1 ) for each source respectively. Column 8 gives the FWHM of each of the sources in arcseconds. Column 9 lists the distance to the source in kpc, and column 10 lists the mass of the source estimated from equation 1. For those sources for which a distance ambiguity exists, the near distance precedes the far distance as is the case with the mass estimates. Column 11 indicates the lack of an 8µm MSX correlation, those sources devoid of mid infrared emission are denoted by an 'N', whilst those sources associated with a mid-IR dark cloud are denoted with a 'DC'. An absence in this column does not indicate an MSX correlation, since the infrared images are often too confused to distinguish whether a specific source has mid-IR emission or not. We have also drawn attention to sources previously studied in other sub-millimetre surveys such as Beuther et al. (2002) ; Williams et al. (2004); Faúndez et al. (2004) in column 3.
Derived Parameters
We present the morphological class, the clustering type, the radius of the source and the H2 number density (nH 2 ) for each of the sources listed in Table 5 . Column 1 lists the source names in G-name nomenclature, listed in right ascension order as per Table 5 . Column 2 gives the morphological class of the source, while column 3 indicates the strength of the clustering of the sources in the maps (as discussed in §5.1). Column 4 gives the radius of the source in parsecs (pc) and column 5 lists the H2 number density (nH 2 ) for each source. Two values are listed in columns 4 and 5 if there is an ambiguity in the distance to the source, with the result for the near distance preceding that of the far distance. Faúndez et al. (2004) denoted by ⋄ , † and * respectively. Sources denoted by a ⋆ are faint millimetre sources, which produce masses uncharacteristic of massive star formation regions if located at the near distance. b 1.2mm Fluxes in Jy. α denotes sources that have more than one millimetre peak encompassed, for which it was not possible to clearly distinguish the individual cores. The flux quoted here is for all the sources. β denotes sources located too close to the edge of the map, for their fluxes to be calculated. In the majority of cases it is not possible to determine the peak of the millimetre emission either. γ denotes sources situated quite close to the edge of the map, with some uncertainty in source size. The fluxes quoted here are a lower limit. δ denotes the two NM-IRAS positions where no millimetre emission is detected at the reported IRAS coordinates. c Sources denoted with a ‡ indicate those for which a radius could not be determined using the GAIA program. . 'Ind' indicates those sources for which a distance is indeterminate. e Indicates the lack of mid-IR MSX association ('N') or an association with a mid-IR dark cloud ('DC'). A 'DC?' in this column indicates that there is no mid-IR emission, however it is not clear whether the lack of emission is due to absorption (i.e. a dark cloud) or simply an absence of emission. Note that an absence in this column does not indicate that an MSX source is present. a Sources are listed in right ascension order as per Table 5 . b Column 2 lists the morphological classification of the sources as per the designations discussed in §5.1. 'S' represents singular cores, 'D' for double, 'A' for adjacent cores, 'L' and 'I' for cores spatially aligned in a linear or irregular fashion respectively. 'U' used is assigned to those sources for which a morphology is unknown. See §5.1 for further explanation. c Column 3, lists the clustering type of the source as discussed in §5.1. 'L' denotes a low clustering association, while 'M' and 'T' indicate medium and tight clustering associations respectively. d For those sources for which a distance ambiguity exists, two values are reported for the radius and the density (n H 2 ). The near distance precedes the far.
The aim of this millimetre continuum survey, was to study known regions of massive star formation (MSF), previously identified by the presence of methanol masers and/or radio continuum emission, and to test a proposed evolutionary sequence for massive stars. Interestingly, this survey revealed many sources which are devoid of conventional tracers of MSF (e.g. masers and UC HII regions), detected solely from their millimetre continuum emission. Previous evidence of millimetre only cores has been reported by Hunter et al. (1998); Garay et al. (2004); Faúndez et al. (2004) . For simplicity, we have dubbed the millimetre cores detected in this survey as 'mm-only' cores. The millimetre continuum sources detected in this survey comprise four distinct classes:
* Class MM: sources with millimetre continuum emission, but without methanol maser sites or UC HII regions ('mmonly' sources).
* Class M: millimetre sources with methanol masers and devoid of radio continuum emission. * Class MR: millimetre sources with methanol masers and radio continuum emission. * Class R: millimetre sources with radio continuum emission but without methanol masers.
The following analysis has been performed assuming that all sources with a distance ambiguity are at the near distance. See §4.3 for further explanation. We do not expect this assumption to significantly alter our results, and as confirmation, we present, in §6.2.1, the range and mean values for each parameter for the entire source sample of 392 sources, assuming the near distance to 197 sources; as well as for the 195 sources with well established distances (hereafter referred to as 'no-ambig sources').
Correlation of Mass versus Distance from Tracer
We have examined those tracers (methanol maser and UC HII regions) coincident with millimetre emission which have well known distances (i.e. no distance ambiguity), to determine if there is any correlation between the mass of the sources and the projected distance offsets of the associated tracer/s from the peak millimetre emission. This relationship is shown in Fig. 2 . Only those tracers whose positions have been determined from interferometric observations (accurate within 1 arcsec) have been examined (∼ 100). The methanol maser is depicted as a 'plus' symbol, whilst the radio continuum source is depicted as a 'box' symbol. Those tracers devoid of millimetre emission, (listed in Table 3 ) with no distance ambiguity, have been included on this plot. For consistency throughout this paper, these objects are identified by the same symbols for the maser ('plus') and UC HII regions ('box'). However, in order to indicate that these objects are different from those with millimetre emission, the symbols have been rotated 45-degrees such that the methanol maser is depicted as a 'cross' and the UC HII region as a 'diamond'. The offset of these sources has been determined relative to the closest millimetre source in the SIMBA map. Figure 2 shows that the more massive millimetre cores tend to have associated methanol maser sites and UC HII re-
Figure 2. Relation between the distance offset of a tracer from the peak emission of the millimetre source to the mass of the source. Maser sources are depicted with a 'plus' symbol, radio continuum sources are depicted with a 'box' symbol. Maser and radio sources devoid of millimetre continuum emission have been oriented 45 degrees, such that the masers are indicated by 'cross' symbols, whilst the UC HII regions are indicated by 'diamonds'. Sources with a zero offset are displayed on the graph as upper limits, determined assuming a 3 ′′ pointing accuracy for the SEST.
gions which are further away than lower mass cores. This may simply reflect the smaller region of influence around lower mass sources.
Parameter Analysis
Three physical parameters have been derived from this study, the mass, radius, and the H2 number density (nH 2 ) as listed in Tables 5 and 6 .
We examine each of the three parameters, as well as their distances, for each of the four classes of sources (MM, M, MR, R), in order to ascertain whether these populations are similar or not. Histograms for each of the four parameters for each of the sources classes, as well as for the whole sample, have been drawn and are presented in Fig. 3 . Class comparative cumulative distributions plots of the mass and the H2 number density (nH 2 ) have also been drawn and are presented in Fig. 4 , while the results of the KolmogorovSmirnov testing of these two parameters as well as the radius are presented in Table 7 .
Histograms of Parameter Distributions
The histograms of the mass distributions (Fig. 3, upper) show that the mm-only sources are less massive than class M, MR, and R sources (i.e. those sources displaying methanol maser and/ or radio continuum emission). The mass of the 392 sources ranges from 0.5 ×10 1 M⊙ to 3.7 ×10
4 M⊙ (both extremes are mm-only sources) with a mean mass of 1.5 ×10 3 M⊙. The median mass of the combined sample of the methanol maser and UC HII sources is 1.0 ×10 3 M⊙ , with 25% of the distribution between 0.5 and 1.6 ×10 3 M⊙, while the median mass of the mm-only sample is 2.8 ×10 2 M⊙ with 25% of the distribution between 1.3 and 4 ×10 2 M⊙. Comparatively, the 195 no-ambig sources have masses that range from 1.8 ×10 1 M⊙ to 3.7 ×10 4 M⊙, with a mean mass of 1.9 ×10 3 M⊙. The mean mass of the noambig combined maser and radio sample (M + MR + R) is 3.2 ×10 3 M⊙, while for the no-ambig mm-only sources it is 1.1 ×10 3 M⊙. The histogram of the source radii (Fig. 3, middle) shows that the mm-only cores, as well as the methanol maser cores, generally have smaller radii than those sources with a radio continuum source (i.e. MR and R). With one exception (G0.26+0.01), the mm-only cores have radii less than 2.0 pc, with the majority (∼ 94%) having radii < 1.0 pc. The radii of all the sources (392) ranges from 0.01 to 2.5 pc, with a mean radius of 0.5 pc. The mean radius of the combined maser and radio sample is 0.7 pc. The mm-only sample has a mean radius of 0.4 pc.
Comparatively, the 195 no-ambig sources have radii ranging from 0.05 to 2.5 pc, with a mean radius of 0.6 pc. The radius of the no-ambig maser and radio combined sample is 0.8 pc. The no-ambig mm-only sources range from 0.05 to 1.7 pc and average 0.5 pc in radius. Faúndez et al. (2004) quote an average radius of 0.4 ± 0.2 pc from their 1.2 mm continuum emission survey of IRAS selected sources.
According to the H2 number density (nH 2 ) histogram (Fig. 3, lower) , there does not appear to be a correlation between the class of source and its density. The value of nH 2 for the entire sample ranges from 1.4 × 10 3 cm −3 , to 1.9 × 10 6 cm −3 , with an average of 8.7 × 10 4 cm −3 . The mmonly cores range from 1.6 × 10 3 cm −3 , to 1.5 × 10 6 cm −3 , with a mean value of 9.1 × 10 4 cm −3 . This compares with the work of Faúndez et al. (2004) , who obtained an average density of 2.1 × 10 5 cm −3 for their sample of IRAS sources. The range of the H2 number density (nH 2 ) for the noambig sources does not vary, although the mean value of the entire no-ambig sample is 8.4 × 10 4 cm −3 , whilst for the noambig combined maser and radio sample the mean value is 8.0 × 10 4 cm −3 and for the mm-only cores the mean value is 7.5 × 10 4 cm −3 . The distance histogram (Fig. 3, lowest) does not appear to show any correlation between the type of source and its distance from us. The distances range from 0.4 kpc to 16.7 kpc with a mean distance of 5 kpc. The mode distance is 6 kpc. There is no variation in the distance results for the mm-only sample nor for the no-ambig sample.
Kolmogorov-Smirnov Testing of the Cumulative Distributions
The Kolmogorov-Smirnov (hereafter, KS) test was also performed to test the hypothesis that the mm-only cores are drawn from the same parent population as the other three classes of source (M, MR, and R). KS tests were performed for the mass, the H2 number density, and the radius within each of the four source classes, with the results shown in Table 7 . Generally, in order to conclude that two distributions are not drawn from the same sample, the KS-probabilities must be small, 0.01. The null hypothesis, that the samples Table 7 . Results from the KS-test of mass, density (n H 2 ), and radius for all four classes of object. Column 1, indicates the parameter being tested. Columns 2 and 3 lists the classes of source being tested. Column 4 gives the resultant KS probability that the objects in columns 2 and 3 are from the same parent population. If this probability is <0.01 it is generally concluded that the samples are not drawn from the same population.
Correlation
Source Class vs Source Class? are drawn from the same population, can only clearly be rejected when comparing the mass of the mm-only sample to the mass of the samples associated with methanol masers and/or radio continuum sources. This is also the case when comparing the radius of the mm-only sample to the radius of samples associated with a radio continuum source (i.e. MR and R). In the case of the H2 number density, no difference between the samples can be discerned from the data. As a calibration measure, the KS-test was applied to the class M and R sources. The results, indicate that the likelihood of these sources being from the same parent population is 6.9%. This result is to be expected if the two objects (maser and UC HII) often occur coincident as in the case of the class MR objects, and if the UC HII region succeeds the maser in the evolution of massive stars.
The cumulative plots of mass, number density and radius, upon which the KS-tests are based, are presented in Figure 4 . These illustrate that the mm-only sources are less massive than the other samples, as indicated by the rejection of the null hypothesis in the KS-test. The cumulative plot for the H2 number density shows little variation between the four classes. The cumulative plot for the radius shows that the mm-only sources have smaller radii than the other three samples, as well as corroborating the results from the KStest, that the mm-only sources are distinctly different from those sources associated with a radio continuum source (i.e. MR and R).
The cumulative plots confirm the synopsis presented in the histogram plots (Fig. 3) as discussed in §6.2.1. 
Parameter Correlations
We compare the mass, radius, H2 number density, and the distance of the sources in Table 5 , to examine whether there are correlations between any of these parameters. This analysis is performed on the entire source list (assuming the near distance to 197 sources).
Mass versus Radius
The comparison between the mass and the radius is presented in Figure 5 (top). It is clear that these two parameters are related, with the more massive cores having larger radii, with a best fit of M ∝ R 2.2 as discussed further in §6.4. This fit has a correlation coefficient of 0.8.
A plot displaying the mass-radius correlation for each source type (MM, M, MR and R) has also been generated and can be found in Fig. 5 (top-right) . This plot shows that the mm-only cores tend to dominate the low-mass, lowradius end of the spectrum, but are just as prolific as class M, MR and R at the high-mass, high-radius end. These plots corroborate the results from the mass and radius histograms (Fig. 3 ) and cumulative plots (Fig. 4) , confirming that the mm-only cores can be less massive with smaller radii than sources with masers and/or UC HII regions (class M, MR, and R).
Mass versus H2 Number Density
The comparison between the mass and the number density is presented in Figure 5 (middle). There is a much weaker inverse correlation apparent between these two quantities, with M ∝ nH 2 −1.1 i.e., the more massive a core, the lower its average density. The correlation coefficient for this fit is low at 0.2.
There is also no clear distinction between the different categories of source.
H2 Number Density versus Radius
The relation between the number density and radius is shown in Fig. 5 (lower) . Like the mass-radius plot, there is a clear correlation between these two quantities. Denser cores have the tendency to be smaller, on average, with nH 2 ∝ R −2 . This fit has a correlation coefficient of 0.7. The mm-only cores have a tendency to be both smaller, and have higher densities than the other three categories of source comprising the masers and radio continuum sources.
Mass versus Distance
A comparison between the mass and the distance of the sources is presented in Fig. 5 (bottom) . No relation is apparent as would be expected.
The sensitivity limit of our observations, in terms of the lower mass detection limit has been added to the graph as a dotted line.
Discussion
The physical attributes of mass, radius and H2 number density (nH 2 ) of each of the four classes of source detected in this survey (MM, R, MR, and R) have been examined to determine whether there are any correlations between each of these parameters, and whether those correlations are source class dependent.
Examination of the mid infrared MSX images for the SIMBA fields has revealed many sources devoid of mid-IR emission and also many that are associated with mid-IR dark clouds. At a lower limit, we estimate that 30% of the 404 sources detected in this survey have no mid-IR emission, implying that they are cold sources, 90% of which are mm-only cores. Conversely to this, it is not possible to conclusively state that the remaining 70% of sources do have mid-IR emission due to an excess in emission and confusion in many of the infrared images examined.
The histograms (Fig. 3) and cumulative distributions (Fig. 4) show that the mm-only cores are smaller in radius and are also less massive (0.4 pc and 0.9 ×10 3 M⊙ on average) than those cores harbouring a methanol maser and/or an UC HII region (0.7 pc and 2.5 ×10 3 M⊙ on average). Analysis of the sources with no distance ambiguity confirms the robustness of this result, and the small influence of assuming the near distance for those sources with a distance ambiguity.
The mm-only cores display no evidence of ongoing massive star formation: they are not associated with any compact radio emission signifying the presence of UC HII regions, nor do they display evidence of H2O or CH3OH maser emission. At least 45% of these mm-only cores do not display any mid infrared emission, as detected by the MSX satellite.
These results lead to two hypotheses about the nature of the mm-only cores. It is possible that they are a precursor to the methanol maser, hence younger, less massive and smaller. Accordingly, these mm-only cores may represent an earlier evolutionary stage to that of cores associated with methanol masers and/or UC HII regions. That is, they may in fact represent the earliest stage in the formation of massive stars, prior to the onset of methanol maser emission.
However, we can not rule out the possibility that the mm-only cores are simply intermediate mass cores that will give birth to intermediate mass stars (hypothesis 2). Undermining this hypothesis however, is the fact that even the least massive mm-only cores have masses which will support stars in excess of 10 M⊙ forming. However, if this hypothesis is true, it suggests that the maximum mass of a star in a cluster is related to the mass of the molecular core from which it is formed.
The mm-only cores may in fact provide examples to support both hypotheses. That is, the smaller, less massive mm-only cores may contain intermediate mass stars in the process of formation, while the larger more massive mm-only cores represent an earlier evolutionary state of massive star formation prior to the onset of methanol maser emission.
Assuming the same temperature (20 K) for all of the cores in the sample introduces an element of uncertainty in the final mass estimates derived. If, for example, we have underestimated the temperature of the radio continuum sources, which typically have temperatures of the order 40 K (c.f. Faúndez et al. 2004 ), then we have overestimated the mass of the cores by a factor of 2.3 (see Table 4 ). In this instance the mass ranges of each of the classes of source (MM, M, MR and R) would be comparable. If this were so, then the mm-only cores are colder cores, which are as massive as the methanol maser cores. The mm-only cores are then more likely to represent an earlier stage in the star formation process than those cores with methanol masers or UC HII regions. Spectral energy distribution modelling in subsequent papers will allow further investigation of the mm-only cores, in particular allowing better estimate of the temperature and hence the mass. Figure 5 . Correlation plots of mass, H 2 number density (n H 2 ), radius and distance. The plots on the left correspond to the full source sample (assuming the near distance to 197 sources). The relation best describing the two parameters is printed on the plots. The plots on the right indicate the individual class distributions with a symbol key presented on the plots. Top: correlation plot of the mass and radius of the sources. Middle: Plot of mass and H 2 number density (n H 2 ). Bottom: Plot of H 2 number density (n H 2 ) and radius. The visual extinction (Av) and surface density (Σ) of 392 sources have been estimated. The visual extinction of our sample varies from 10 to 500 mag with an average of 80 mag, implying a high degree of embedding. The surface density (Σ) varies from 0.2 to 18.0 kg m −2 (both extremes are mm-only cores), with an average of 2.8 kg m −2 . Care must be taken in comparing surface densities among source classes, since this parameter depend on how well the source is resolved.
It is clear (c.f. Fig. 5 ) that the mass and radius of a source are highly correlated, with the more massive cores having larger radii. The H2 number density and the radius also appear to have a strong relation where the denser cores have smaller radii on average. There is a weak correlation between the mass and the H2 number density.
The relation between the mass, mean H2 number density (nH 2 ), and the radius of the cores is best described by the following two equations: M ∝ R 2.2 and nH 2 ∝ R −2 , where M, R, and nH 2 are the mass, radius and H2 number density respectively. Note that these relations are not inconsistent with M ∝ nH 2 R 3 , despite the substitution of the fits in this formula giving M ∝ R, rather then the fitted value of M ∝ R 2.2 . This is because this formula applies for a specific core, while the relations that we have obtained are for the average properties of the entire sample.
This survey also revealed 20 maser sites and 9 UC HII regions, which are devoid of millimetre continuum emission (c.f. Table 3 ). These sources were not specifically targeted in this survey, yet their coordinates fall within the fields mapped by SIMBA.
The positions of 27 of these tracers have been determined via interferometry and hence are accurate to within 1 ′′ . The methanol masers are not weaker on average than those methanol masers for which millimetre emission is detected. These 27 maser and radio continuum sources also occur at distances equivalent to those maser and UC HII regions detected with millimetre continuum emission. Assuming a maximum distance of 16.3 kpc for a particular maser or radio continuum source, then the 3σ upper limit at 1.2 mm would imply a mass of 600M⊙. Figure 5 (lower) indicates that a particular maser or UC HII region at this distance would not be detected in the survey with this mass.
Since the majority of sources have masses greater than this, it prompts us to ask why these methanol maser and UC HII regions are devoid of millimetre continuum emission? Does the lack of millimetre emission suggest that these objects have characteristics dissimilar to those sites associated with massive star formation regions? Does the methanol maser and UC HII region exist in the later stages of massive star formation, i.e. after the cold core phase, which is no longer detected at millimetre wavelengths? Can massive star formation occur without the presence of these ubiquitous tracers? Or are these objects simply too far away with masses too small to be detected by the sensitivity limit of the SEST? At this time we can not draw a secure conclusion, and further study of these sources is warranted.
CONCLUSIONS
We have undertaken a millimetre continuum survey of 131 regions of massive star formation, traced by the presence of methanol maser and/or radio continuum emission, using the SIMBA instrument on the SEST. 404 sources are detected in this survey.
Millimetre continuum emission is detected toward all of the methanol maser and UC HII regions targeted (129). The millimetre continuum emission is offset from the two NM-IRAS positions however, but this may be attributed to the low resolution offered by IRAS in pinpointing the peak emission of the central core.
For 20 maser sites, and 9 UC HII regions, within the surveyed fields, millimetre continuum emission is not detected. Further follow-up work of these objects is required in order to ascertain their nature and the reason for the lack of millimetre emission. It is not clear whether these are simply more distant objects where continuum emission falls below the detection limit.
Also detected in this survey are sources that have no methanol maser or radio continuum emission indicative of MSF. At a lower limit estimate, 45% of these cores are also devoid of mid-IR MSX emission. The majority of these 'mmonly' cores are separate from, and generally offset from, the targeted tracers in the same field.
In total, 253 new mm-only cores have been discovered. Many of the fields contain multiple sources. It is therefore likely that the mm-only cores belongs to the same star formation complex as the methanol maser and UC HII regions targeted in the study.
The mass, radius and H2 number density (nH 2 ) have been determined from the millimetre flux and distance to the sources, assuming a temperature of 20 K.
Analysis of the mm-only cores reveals that they are generally less massive than those sources with a maser and/or an UC HII region, and also have smaller radii (c.f. Fig. 3 ). The results from our analysis leads to two hypotheses about the nature of the mm-only cores. One possibility is that the mm-only core may be a precursor to the methanol maser in the evolutionary sequence of massive stars, the other is that the mm-only cores will simply give birth to intermediate mass stars (i.e. no massive stars that will produce HII regions). If so, the maximum stellar mass of a cluster is related to the mass of the core from which it forms. Alternatively, the mm-only cores may in fact represent a cross-section of sources supporting both arguments.
We note, that if the cores which only show millimetre emission are systematically cooler than the other classes of source, the temperature assumption of 20 K will introduce a bias, and the different mass distributions we have inferred may not actually occur. In this instance, only the first hypothesis above will apply. A better determination of the temperature of the cores is needed to constrain their masses in order to examine these hypotheses further.
The relation between the mass, H2 number density (nH 2 ), and the radius of the cores is best described by the following two equations: M ∝ R 2.2 and nH 2 ∝ R −2 .
